We propose a nonperturbative resummation scheme for the fourpoint connected quark-antiquark Green's function G 4 that shows how the Bethe-Salpeter equation may be ''unquenched'' with respect to quark-antiquark loops. This mechanism allows to dynamically account for hadronic meson decays and multiquark structures whilst respecting the underlying symmetries. An initial approximation to the four-point Schwinger-Dyson equation -suitable for phenomenological application -is examined numerically in a couple of aspects. It is demonstrated that this approximation explicitly maintains the correct asymptotic limits and contains the physical resonance structures in the near timelike region in the quark-antiquark channel.
Introduction
For many years, quantum chromo-dynamics (QCD) has been widely accepted as the underlying theory of the strong interaction. As an SUðN c Þ gauge-field theory, QCD has as its elementary particle degrees of freedom the quarks and gluons, whereas the observables of the strong interaction are the spectra of hadrons and their spectral properties. One of the contemporary goals of QCD is clearly a detailed understanding of how the quark and gluon fields give rise to the formations of hadrons within a single theoretical framework. Whereas lattice calculations of QCD have shown substantial progress in the last years of dealing with dynamical fermions and improved actions [1], final and robust results for light quark masses in the continuum limit are still lacking nowadays.
In the absence of a final and complete solution to QCD one is motivated to adopt more pragmatic approaches to gain further insight to the strong interaction and its bound states. The Schwinger-Dyson equations are the field-theoretical equivalent of the equations of motion for the theory (see refs. [2-5] for recent reviews); they are dynamical equations in the continuum and embody all those symmetries that define the initial theory such as symmetry under Poincar e e transforms, the gauge symmetry, the discrete parity and charge conjugation symmetries and the (broken) chiral symmetry. The inclusion of all of these vital physical features gives an impetus to their study. However, the Schwinger-Dyson equations form an infinite hierarchy of coupled equations that must be truncated to some degree if actual numerical solutions are addressed. Contemporary truncation schemes have two guiding principles: (i) the explicit maintaining of as many of the underlying symmetries as feasible and (ii) agreement of the final results with observation (and possibly other approaches).
The Schwinger-Dyson equations are coupled non-linear integral equations relating the Green's functions (as ''building blocks'') of the theory to one another. By themselves these Green's functions do not have a physical interpretation but must be combined in various ways to construct physically observable quantities. One particularly efficacious framework [6-8] is the Schwinger-Dyson equation for the quark propagator (gap equation) within the rainbow truncation as input into the ladder Bethe-Salpeter equation. The latter is itself a special case of a Schwinger-Dyson equation which leads to a description of the pion as an (almost massless) Goldstone boson -associated with chiral symmetry breaking -as well as a bound state of two (massive) constituent quarks. The mass of the constituent quarks here is dynamically generated from the spontaneously broken chiral symmetry. The success of this construction in simultaneously describing two of the most fundamental aspects of hadron phenomenology can be traced back to the fact that the truncations employed explicitly observe the relationship imposed by the (flavor non-singlet) axialvector Ward-Takahashi identity (AXWTI) [9, 10] . The AXWTI is the expression of global chiral symmetry when applied to quark-axialvector Green's functions. This shows the supreme role of symmetries when applied to dynamical systems. The light pseudoscalar and vector meson masses and leptonic decay constants [11, 12] as well as electromagnetic form factors [13, 14] are well reproduced with few parameters. In principle such parameters may be fixed by comparison with related quantities from lattice-QCD [15] .
Whilst the success of the coupled rainbow-ladder Schwinger-Dyson-Bethe-Salpeter framework is laudable, it has so far proved difficult to go beyond this initial (simplest) truncation scheme. There have been several attempts to address different aspects of possible extensions. For example, by using effective interactions characterized by -functions to resum classes of diagrams [16, 17] and employing hybrid combinations of finite width and -function interactions [18] . Ironically, it is the AXWTI that -preserving the symmetry -leads to a rapid increase of effort as one increases the level of sophistication in the truncation scheme.
There are several issues of hadronic physics that the coupled Schwinger-Dyson-Bethe-Salpeter framework has not addressed so far in a fully dynamical and self-consistent way. The first of these is the hadronic decay of mesons, e.g., the decay ! . This question has been investigated under various approaches and 100 P. Watson and W. Cassing
